PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)
The beach fill and inlet sediment trap at Carolina Beach, North Carolina, were monitored under the Monitoring Completed Coastal Projects Program. The objectives of the effort were the determination of the adequacy of the trap to serve as a primary source of beach nourishment material for the project and to assess the impact of the trap on the inlet's ebb -tide channel and delta. Considerable hydrographic and oceanographic data were collected and evaluated. Results of the monitoring program provided a critique of the project's performance as well as guidance on the use of sediment traps in inlets. which has natural ground elevations ranging from a maximum of el +10 along the oceanfront to el +4 along the sound shore, was completely inundated by the 9 * A table of factors for converting non-SI units of measurement to SI (metric) units is presented on page 3. * All elevations (el) cited herein are in feet referred to the National Geodetic Vertical Datum (NGVD).
14 % e e e storm surge and overwashed by the large storm-generated ocean waves. Hurricane Hazel caused millions of dollars in property damage at Carolina Beach, particularly along the first several rows of oceanfront development. In addition, the storm wiped out the frontal dune and caused considerable ero-S sion of the foreshore. Efforts to recover from Hurricane Hazel were initiated in early 1955 with the construction of a small dune and the placement of 252,000 cu yd of beach fill along the ocean shoreline.
3. Between August and September 1955, Carolina Beach was affected by three more hurricanes, Connie (12 August), Diane (17 August), and lone (19 September), which caused additional structural damage and beach erosion.
Ocean still-water levels produced by Connie, Diane, and lone were 8.5, 6.6, and 5.7 ft, respectively. As a result of the additional ocean shoreline S damage caused by these three storms, 200,000 cu yd of beach fill were placed on Carolina Beach in the fall of 1956. Also in 1956, the town of Carolina Beach constructed 12 groins along its shoreline at 1,000-to 1,200-ft intervals. The groins, which were constructed with broken concrete and natural 0 stone, were low and rather short and terminated in water depths ranging from -2 to -4 ft. erosion was accelerating at a point 4,000 ft south of the northern town limits. The difference in the extent of the erosion near the inlet and within the town limits resulted in a change of alignment of this section of the shoreline (Figure 3) .
5. Erosion and reorientation of the shoreline south of the inlet were the direct result of the entrapment of littoral material in the ebb-and flood-tidal deltas of the new inlet. With the predominant direction of littoral transport in the area being southerly, the shoreline south of Carolina
Beach Inlet became starved of littoral material, particularly during the for-mative years of inlet delta development. As the shoreline adjacent to the inlet eroded, successive shoreline sections south of the inlet retreated to
an alignment approximately parallel with the predominant approach of wave crests from the northeast. Once one section of the shoreline attained this new alignment, sediment transport from that section to the adjacent downdrift stretch decreased and caused the adjacent segment to undergo an alignment change as well. Thus, through this process of progressive erosion and reorientation, the inlet-induced shoreline erosion moved into the northern portion .3
of Carolina Beach by the time the first stage of construction of the hurricane and shore protection project was completed.
6. The initial stage of construction of the authorized hurricane waveshore protection project was completed in April 1965 with the placement of 0 2,632,000 cu yd of borrow material obtained from the Carolina Beach Harbor area. Immediately following the initial placement, considerable erosion occurred along the entire length of the fill. Over the southern 10,000 ft of the project (sta 0+00 to 100+00), the erosion was caused by hydraulic sorting of the borrow material by waves and the movement of the borrow material down slope to deeper portions of the active beach profile. These initial sorting and slope adjustments continued until 1967 when the southern 10,000 ft became fairly stable. By the time stability was reached along this 10,000-ft segment, the cross section of the fill was somewhat less than the authorized section.
7.
Erosion along the northern 4,000 ft of the project (sta 100+00 to 140+00) was considerably greater than could be explained by hydraulic sorting and slope adjustments. Within the first year following initial fill placement, essentially all of the fill material was eroded from this northern section. Accordingly, authority was granted to proceed with emergency measures involving additional beach nourishment and the construction of a temporary S timber groin at the northern terminus of the project. A special investigation of the erosion problem was also authorized to determine the cause of the inordinate erosion and to recommend a feasible long-term solution. 12. In December 1980, the southeastern coastal area of North Carolina was struck by two severe storms, further aggravating erosion at Carolina Beach, particularly along the section of the project located just south of the rubble seawall. in this area, seven cuo"Lages were undermined and had to be con- 
engineering technology. It is designed to determine how well projects are accomplishing their purposes and resisting the attacks of the physical envi-V ronment. These determinations, combined with concepts and understanding already available, will lead to upgrading the credibility of predictions of cost effectiveness of engineering solutions to coastal problems; to strengthening and improving design criteria and methodology; to improving construction practices; and to improving operation and maintenance techniques. Additionally, the monitoring program will identify concerns that laboratories should address more intently. Stated in another way, the objective is the advancement of the engineering science derived from insights into the physics that laboratory studies have developed. 
Measurements of tidal flows through the throat of Carolina Beach
Inlet were planned for before and immediately after dredging of the trap and 0 Onshore surveys were made at all 28 stations; combined onshore-offshore surveys were made at 15 stations. Profile stations included in the monitoring program are listed in Table 2 and shown in Figure 7 .
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27. The Wilmington District had performed an onshore survey of Carolina Beach between baseline sta 0+00 and 135+00 in January 1981 prior to the emergency beach fill and initiation of the monitoring program. Preemergency and postemergency fill onshore and offshore profile surveys were made by the dredging contractor during April and May 1981 between baseline sta 69+00 and 128+00. The dates, extent, and type of beach profile surveys made during the monitoring period are listed in Table 3. 28. Photographic overflights covered the shoreline from a point 2,000 ft south of the town limits of Carolina Beach to a pcint 2 miles north of Carolina Beach Inlet. Color prints were provided on a 9-by 9-in. standard format with 60 percent overlap between photographs at a scale of 1:6,000. In addition, high altitude color photographs (1:12,000 scale) was taken of 33. Sediment samples were collected as follows:
a. Three surficial samples from the north, middle, and south portions of the ocean bar were collected on 14 May 1981. b. Samples from beach profile sta 30+00, 70+00, 100+00, and 130+00
were collected in August 1980 with samples being taken from the dune crest out to a depth of -20 ft. c. Two borings were taken in the inlet throat borrow area prior to the April-May 1981 emergency beach fill; however, only one sample was within the area actually excavated. On 18 June 1981, samples of the in-place fill material from the inlet were collected at sta 75+00, 86+00, 94+00, 117+00, and 126+00. Four samples were taken at each station. In all, the southern 10,000 ft of the project lost 196,800 cu yd during"Ca. Sorting occurs as the waves redistribute the discrete particle sizes in the fill material to their point of equilibrium on the profile. However, some of 6 the material, particularly the finer fraction, may not be stable at any loca-A tion on the profile and is either swept out of the project area by littoral currents or carried to and distributed over the deeper portions of the beach profile where it cannot be detected by existing survey techniques.
41.
In the case of the 1982 fill, a large amount of the finer material appeared to be lost during the filling operation and not as a result of wave sorting. For example, before and after dredging surveys made in the borrow area indicated that 3,662,000 cu yd of fill was dredged, while beach profile S surveys taken before and after placement of the fill indicated that only 2,941,000 cu yd were placed on the beach. Excluding any inaccuracies in the survey data, it appears that, for every cubic yard of material thal remained on the beach during construction, approximately 1.25 cu yd of material was removed from the borrow area.
42. Granulometric analysis of the borrow material made on samples obtained from borings prior to dredging and auger samples of the in-place fill Imte material indicated that some fines were lost during placement. The analysis
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of the in situ or boring samples resulted in a composite mean particle size of 1.72 phi* and a standard deviation of 1.01 phi, whereas the auger samples of S the in-place material had a slightly coarser and less well-distributed range % of particle sizes with a composite mean of 1.49 phi and a standard deviation of 0.90 phi. The critical ratio (as defined in the Shore Protection Manual** (1984)) between these two composite distributions is 1.27, implying that for every cubic yard of material that remained on the beach during construction, 1.27 cu yd of material was removed from the borrow area. The agreement between the critical ratio and the actual amountL of overdredging from the borrow area indicates a loss of a considerable portion of the finer borrow material during placement, as was anticipated.
43. Volume losses from the fill during the first 2 years of project S operation, discussed above and shown in Table 4 , were determined from surveys of the fill following construction and, therefore, do not include the losses that occurred during placement. Some additional sorting losses may have taken place during the first 2 years of operation; however, these losses could not 0 be determined. 44. The overall performance of the fill during the first year was excellent and appeared to be responding as expected with large quantities of material being displaced seaward from the construction berm. During the second year, much of the material that had moved offshore to between -4 and -25 ft disappeared. Some of this material probably continued to move seaward and was dispersed over the relatively flat bottom seaward of the 25-ft depth.
In addition to the losses downslope, large quantities of the fill material were moved to the north and south beyond the project limits by wave-generated between sta 115+00 and 150+00 and a reduced southerly rate over this same reach. The postfill shoreline shape would have also caused the net southerly r4 sand transport to be higher than normal between sta 115+00 and 70+00. Some evidence of these altered sand transport rates is available from the volumetric changes that occurred between various profile survey stations on Carolina
Beach which are summarized in Table 5 . From the as-built condition in 1982 to
June 1983, the shoreline between sta 120+00 and 150+00 accreted 139,400 cu yd while the adjacent sections both north and south of this reach eroded. Similarly, the beach between sta 100+00 and 40+00 gained 109,100 cu yd during the same period, again while the adjacent sections eroded. The accretion of material in these isolated zones, which are located near the extremities of the shoreline bulge, indicates that material was transported into these sections faster than it could be carried away. From June 1983 to May 1984, these two accretion zones also began to erode while accretion occured at Op cit.
IV_..1
the extreme southern end of the project between sta 10+00 and 0+00 and at the,' north end of the beach between sta 150+00 and 180+00. The change in the erosion-accretion pattern during the second year of project operation indicates a return to more normal littoral transport as well as the longshore S movement of material out of the project area.
47. During construction of the 1982 fill, the volume of material placed on the beach between sta 0+00 and 100+00 exceeded the design volume by 824,000 cu yd, while between sta 100+00 and 140+00 the in-place volume was 97,000 cu yd less than the design volume. Consequently, even with the loss of 226,000 cu yd from sta 0+00 and 100+00 during Lhe first 2 years following project reconstruction, the authorized berm and dune cross section within the 10,000-ft segment remained intact. Losses from this 10,000-ft segment are expected to decrease with time after adjustments from the construction berm take I place. Over the northern 4,000 ft of the project, the loss of 378,000 cu yd of fill material during the first 2 years combined with an initial shortfall of 97,000 cu yd during reconstruction produced a total deficit, as of were not made, a considerable portion of the material eroded from the foreshore by Diana was probably displaced seaward to form shore-parallel bars.
With the passage of the storm and a return to milder wave conditions, some of this displaced material is expected to work its way back onto the foreshore. 0
Evidence of this poststorm recovery phenomenon was observed from repeat surveys made of profile sta 90+00, 100+00, and 110+00 on 4 October 1984, an exam-% ple of which is shown for sta 100+00 in Figure 13 . At these three profile % station, the foreshore had moved seaward between 5 and 15 ft during the 26 September to 4 October period.
54. Foreshore erosion associated with Hurricane Diana along the northern 4,000 ft of the Carolina Beach project was limited since most of the 1982 fill material placed in front of the seawall had been eroded prior to the S storm. Between May 1984 and September 1984, the amount of material removed from the foreshore between sta 100+00 and 140+00 was 49,600 cu yd. Of this amount, 32,600 cu yd was removed from the berm and dune section between sta 100+00 and 116+40, and 17,000 cu yd was lost from in front of the seawall. 
56.
The rate of accumulation during the 36-month period was not constant as shown by the incremental filling rates given in Table 6 . During the Figure 14 . Of the 270,000 cu yd total accumulation, 223,000 cu yd, or 77 percent, deposited in P the seawardmost portion of the trap, which is designated as "Fill Area No. 1"
in Figure 14 . The middle portion of the trap, accumulated 65,500 cu yd of new .
sand in "Fill Area No. 2" but also lost 15,500 cu yd to natural scour result-S..
ing in a net accumulation of 50,000 cu yd. The landward end of the trap, which extends about 500 ft seaward of the AIWW, gained 17,800 cu yd of new % material. However, the adjacent areas north and south of this section of the trap lost a combined total of 20,800 cu yd to scour, yielding a net loss of 3,000 cu yd of sediment from the entire landwardmost area. Failure of the middle and landward ends of the trap to retain substantial quantities of sediment was due to the concentration of tidal flow through these areas which, in essence, presently constitute the inlet gorge. Overall, the trap has functioned well, but the average annual accumulation of 90,000 cu yd is below that needed to keep pace with the erosion losses from the Carolina Beach project.
57.
Since the seaward portion of the sediment trap was rather efficient in trapping material whereas the middle and landward portions were not, the sediment trap was repositioned seaward during the 1985 renourishment of Carolina Beach. The new location, shown in Figure 4 , was outside the area of concentrated tidal currents that prevented material from depositing in the original trap.
Tidal Current Measurement
.
A summary of the tidal current measurements made in Carolina Beach
Inlet is given in Table 7 . These measurements were made in the sediment trap ,, area along a range located approximately 700 ft seaward of the AIWW. These current and discharge measurements indicate that the total volume of water O., flowing through Carolina Beach Inlet, the tidal prism, did not change as a resuit of the dredging of the sediment trap; however, discharge velocities did decrease. Discharge velocities have remained rather low in this section of the trap due to its failure to accumulate any substantial quantities of ] material.
59. Based on a September 1981 hydrographic survey, the minimum crosssectional flow area in Carolina Beach, which was measured seaward of the dredged sediment trap, was 7,050 sq ft. The relationship between an inlet's .
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.0 cross-sectional area and its tidal prism for uncontrolled inlets on the Table 8 .
61.
There is no true native beach material at Carolina Beach due to previous beach fills; however, the 1980 beach profile samples can be assumed to be representative of native sand since the material had been in place for Prediction of the controlling cross section at inlet navigation channels.
Wave attenuation by breakwaters (submerged and floating).
Bypassing at jettied and unjettied inlets.
Wave refraction and steepening by currents.
Beach fill project monitoring.
Stability of rubble structures--investigations to determine causes of failure.
;'
Comparison of preconstruction and postconstruction sediment-budgets. Wave and current effects on navigation.
Dynamics of floating structures.
Wave reflection. , Effects of construction techniques on scour and deposition near coastal
V4
structures. .J! Diffraction around prototype structures.
Wave runup on structures.
U.
Onshore/offshore sediment movement near coastal structures.
Harbor oscillations.
V
Wave transmission through structures.
Material life cycle.
Ice effects on structures and beaches.
Model study verification.
Wave translation.
• Construction methods. 
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Positive signs indicate accretion during survey period and negative signs indicate erosion over the entire profile out to a depth of -25 ft. 
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